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PRELIMINARY INVESTIGATTION OF THE TRANSONIC CHARACTERISTICS
OF AN NACA SUBMERGED INLET

By John A. Axelson and Robert A. Taylor
SUMMARY

A preliminsry Iinvestigation of an NACA submerged inlet operating
over a range of mass-flow ratios and oncoming flow angles was conducted
through a Mach number renge from 0.70 to 1.15 by the use of a transonilc
bump. Ram recovery and pregsure distribution were measured for mass—
flow ratios up to 0.67. For approximately constant mass—Flow ratiloc, the
ram—recovery ratio decreased about 0,05 in the Mach number rangs from
0.85 to 1.1, but generally improved above & Mach number of 1.0 or 1.1,

The ram~recovery ratio decreased about 0.05 when the angle 'between the
Inlet center plane and the free stream was increased fram 0° to 1|- but
increased. about 0.02 from this reduced value when the angle was increased
from 4L° to 8°, Increasing the mase flow into the Inlet Increased the ram
recavery, but ths Improvement becems progressively less at the highsr mass
flows and higher Mach numbers. Statlc—pressure and total—pressure surveys
_inside the inlet Indicated that the losses In rem recovery were caused
principally by the entrance of low-energy air from the surrounding bound—
ary layer which passed over the sharp edges of the remp walls and mixed
with the higher-energy ailr enterlng the Inlet.

INTRODUCTION

The location of alr inlets om the sides of the fuselages of Jet—
propellsd aircraft has received special emphasis recently because of the
necessity of housing radar and armament in the fuselage noses. Although
a side locatlon generally introduces boundary—laysr problesms, a distinct
advantage 1s galned by the shorter Internal ducting from the air Inlet
to the compressor. As a result of wind—tunmnel tests directed toward the
development of a side Inlet having high pressure~recovery characteristlcs
and minimm adverse effects from the fuselage boumdary layer, the NACA
submerged Inlet was concelved. Several varlatlons of this Inlet were
investigated In one of the Ames T— by 1l0-foot wind tunnels and are dis—
cussed In reference 1. A deslign Judged from the results of those tests

to be optimum was then tested on a wing-body combination In the Ames
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1l6—foot high—egpeed wind tumnel up to & free—stream Mach number of 0.875.
Thias free—stream Mach number corresponded to slightly highsr local Mach
numbers at the Inlet, depending upon the locatlion of the inlet with respect
to the wing and fuselage. (BSee reference 2.) The preliminary Investiga—
tlon reported herein was conducted using an ldentical Inlet mounted on an
almost flat, two—dimensional surface of a transonic bump in the Ames 16—
foot hlgh—speed wind tunmnel. For these tests the local Mach number over
the bump in the reglon of the inlet rangsd from 0,70 to 1.15.

NOTATION

The symbols used in this report and their definitions are as follows:

A cross—sectional area of duct, square inches

a inlet depth, 1.6 inches

H total pressure, pounds per square foot

h boundary—layer parameter deslignating the helght for which a
complete loss of dynamic pressure (%pUc,z) would be egquivalent
to the integrated loss of total pressure 1n the actual boundary

©

layer [?IZ%-S: /; (HQ—E)dy] , Inches

M ' Mach mmber

m mass flow (pAu), slugs per second

pregsure coefficient <P;§°>

P gtatioc pressure, pounds per square foot

Q dynamic pressure <i—,pU2> » pounds per square foot

U veloclty outslde boundary layer, feet per second

u local veloclty, feet per second

¥y Increment of boundary-layer thickness, inches

% ratio of duct cross—sectional area 12 inches downetream of lip
leading edge to cross—sectional area at rske
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Hy — .
-1—PQ ram—recovery ratilo
Eo—Po
% ratio of the mass flow through the inlet to the mass flow In the
prhiu
fres stream through an area equal to the Inlet area —J'—J'—J')
pQAlUQ

a angle between the Inlet center plane and the free stream

(simulating the angle of attack of an airplsme side inlet),

degrees
e} bowndary—layer thickness where the local velocity 1s 0.99 of

the veloclty outside the boundary layer, inches
&% boundary—layer displacement thickness

f - 2 dy} inche
- ches
[ o ( °0U0> ’
@ pu u
é boundary—laysr momentum thickness —— (l==— )} dF |, inches
o Po¥o Uo
p mass denslty, slugs per cuble foot
Subscripts
o] average conditions over test sectlon of bump
e diffuser entrance
1 duct rake
APPARATUS

Description of Tnlet Models

Details and dimensions of the NACA submerged—Iniet model are shown
in figure 1, Insofar as possible, the dimenslons of ths Inlst corre—
sponded to those of the inlet reported in reference 2, where the inlet
was Installed on ths curved side of s model fuselags. In the present
Investigation, the Inlet was mownted on a two—dilmenslonal surface ‘as
ghowvn in figure 2. To simulate angls—of-attack conditions of an airplane

ol
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side inlet, the inlet was mounted on the transonic bump with angles of 0°,
1|- and 8° between the inlet center plene and the free stream. The cur—
vature of the test surface necessitated the construction end installation
of three separate models with 1dentical basic inlet lines.

The models were equipped with pressure orifices along the center line
of the ramp and arowund the 1ip (except the inlet representing 8° angle of
attack which had no lip orifices). Pressure losses and flow rates In the
inlet were measured with a rake 6 inches behind the 1ip leading edge. The
rake consisted of 30 total-pressure and 35 static—pressure tubes. Ths alr
which flowed through the inlet entered a diffuser which atarted 6 inches
downstream of the reke and dlscharged back to the wind—tunnel ailr streem
through the underside of the bump.

Description of the Trensonic Bump

’

The tramsonic bump of the Ames 1l6—~foot high-speed wind tunmel used
for testling models through scnic velocity and up to low supersonic speeds
is shown in filgure 3. The bump had an 18—Foot chord and a flat underside
which was mounted a small distance away from ons of the vertical walls of
the wind tunnel. The proflle of the bump was essentlzlly one—-half of an
NACA 16-021 section modified by a 1l7—percent extension of the chord and
faired by a straight line connecting the 6i—percent—chord point of the
resulting profile to the trailing edge.

Distributions of local Mach number over the bump surface are shown
in figure 4, At the highest Mach numbers, there was an increase in the
local Mach number and comsequently a small favorable pressure gradient
along that portion of the bump surface in which the submerged inlet was
placed. The magnitude &f ths favorable pressure gradient on the bump
was, however, small compared to the gradient of pressure along the ramp
of the inlet, amounting to less than 3 percent of the gradient on the
ramp below a Mach nwmber of 1.05, and less than 7 percent at the highest
Mach numbers. Thus, the gradient of Mach number was felt to have only
a small effect on the results obtained for the inlet, and was of a mag-
nitude which could conceivably exist along the sid.e of the fuselage of
an alrplane.

The underside of the bump was mounted a small distance away from
the vertical wall of the wind tumnel In ordér that the boundary layer
of the twmnel wall would pass under the bump., A 2—inch spacing existed
during the Bests of the inlet at 0° angle of attack, When the inlet was
tested at 4° and 8° angles of attack, the spacing was increased to 5
inches 1n order to reduce the bowmdary layer on the bump end to decrease
the static pressure undsr the bump so that alightly higher mass flows
through the Inlet might be obtained, (The duct exhausted through the
undsrside of the bump.) Results of bowmdary-layer surveys T Inches

L el
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forward of the ramp at bump statlion 73.3 are presented in figurs 5 for

the bump located 2 inches and 5 inches from the wind—turmel wall, Ths
bump boundary layer was dscreased by Increasing the spacing, but time did
not permit repeating the tests of the inlet at O° angle of attack with the
5-Inch spacing.

TESTS

A Mach number range from 0.70 to 1.15 was covered In the investiga—
tion of the inlets, ths Mach numbers being taken as the average of the
values prevailing between bump stations 78 and 1l inches. Under the test
conditione, this rangs of Mach numbers corresponded to a Reynolds number
rangs from 3.5 to 4.2 million per foot of length.

Three different mass—Flow conditlions were Investigated with the inlet
at 0° angle of atbtack. The two reduced flow rates were produced by the
addition of constrictioms 13 Inches behind the lip in the diffuser entrance.
Since rigid control of the mass flow during the tests was not practicabls,
there were =mall variations in the resulting mass-flow ratlos over the
Mach num'ber rangs. Only one mass—flow condition was Investigated at 4°
and 8° angles of attack.

RESULTS AND DISCUSSION
Ram—Recovery Ratlo

The ram-recovery ratios were computed by the method outlined In ref—
erence 2 whereln the logarithms of the local totel pressures at each of
the 30 total-pressure tubes of the rake were welghted according to the
local mass flows.

The primary varlables which affect the ram recovery of the inlet and
which can be isolated in the present investigation are mass-flow ratlo,
angle of attack, boundary-laysr proflle, and Mach number, The effects of
each of thess on the ram recovery will be discussed.

Effect of mass-flow ratic.— The variations of ram-recovery and mass—
flow ratios with Mach number for three different diffuser-entrance con—
gtrictione are shown in figure 6 for the Inlet at an angle of attack of 0°.
A cross plot of these results is presented in figure 7. At all test Mach
numbers increasing the mass—flow ratlo resulted in an increased ram recov—
ery, but the Improvement gemerally became progressively emaller at the
higher mass-flow ratios and at the higher Mach numbers. These results are
in agreement wilth those msasured during the investigation reported in

SO,
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reference 2 whereln the optlmum mass—low ratic was about 0,T0 over the
Mach number range from 0,30 to 0.875. Since only one flow condlition was
tested with the inlet at angles of attack of 4° and 8°, it was not possible
to present the ram-recovery ratios for these angles of attack at constent
values of mass—flow ratio. The amount by which the mass—flow ratios varied,
however, were not large emough to obscure the conslistent trend in the var—
lation of ram—recovery retlio with Mach number.

Effect of angle of attack.— The variations with Mach number of ram—
recovery ratio and mass-flow ratio for angles of attack of 0°, 4O, and 8°
are shown in figure 8. Because of the difference in spacing between the
underside of the bump and the wind.—tunnel wall, slightly higher mass flows
were obtained with the inlet at 4° and 8° angles of attack than were
obtained with the inlet at 0° angle of attack. The mass-flow ratios shown
in figure 8(b) are not to be compared for evaluation of an effect of angle
of attack, but are shown In order thait a comparison can be made between the
ream-recovery ratios shown in figure 8(a), Had the same bump spacing been
used for all three angles of attack the mass flows would in all probability
have been nearly equal at any given Mach number. The small differences in
measured mass flows between the 4° and 8° angles of attack were probably
within the accuracy of the test results,

The results show, at least qualltatively, that the ram—recovery ratios
for the 4° and 8° angles of attack were slightly less than those for O°
angle of attack In aplte of the fact that the mass—low ratlos were higher
by 0.02 to 0.09. A comparison probably more quentitative in nature is
possible by performing an extrapolation of the results shown in figure 6
for the imlet at O° angle of attack so that the ram-recovery ratios for
three angles of attack might be compared on the basis of equal mass-flow
ratio. (The results presented in figure 8 of reference 2 which cover
higher mass—flow ratlos than those covered In the present Investigation
indicate that serious error 1s unlikely in making such an extrapclation.)
For exmmpls, In the present investigation at a Mach number of 0.95 ths
ram—recovery ratio for 0° angle of attack extrapols.ted. up to a masga—flow
ratio of 0.62, the value shown in figure 8(b) for 4° and g° angles of
attack correspond.s to a value of about 0.83; but introducing this valuse
in Pigure 8(a) has littls effect on the relative values of the ram—recovery
ratios for the three angles of attack. At comparable mass-flow ratlos,
the ram—-recovery ratlo decreased about 0,05 when the angle of attack was
increased from 0° to 4°, but improved &bout 0.02 when the angle of attack
was Increased fram L4° to 8°. A similar variation of ram—recovery ratio
wlth angle of attack was reported. in flgure G of reference 2 for the Inlet
fitted with smsll boundary—layer deflectors shown in figure 3 of refer—

ence 2,

Effect of Mach number and bump boundary layer.— The determination of
the rem—recovery characteristica of an RACA subtmerged inlet through the
transonic speed range wis the primary purpose of the present :anesti@tion
and the results have been presented in figures 6(a), 7, and 8(a). The
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effects upon ram—recovery ratlio of varlatlons of the meas-flow ratio and
of the angle of attack have been discussed, leaving the effects of Mach
number to be lsolated. Since the results presented In figure 5 Indlcate
that changes occurred In the howndary laysr on the bump when the Mach
number was varied, it is desirable to ascertaln what effect the boundary—
layer changes exerted on the ram—recovery characteristics of the Inlet,

As shown in figure 5(d), the maximum change in the boumdary-layer
perameter h/d throughout the test rangs of Mach mumbers was about 0.025,
most of which occurred below 0,92 Mach number. The results from the pres—
ent investigation have been comblned in figure 9 wlth those from refer—
ence 2 and show the relationshlp between the boundary—layer parameter
h/d and the ram-recovery ratio of the Inlet. The results for the three
Mach numbers for which the two Investigations overlapped indicate that
the 0.025 change In h/d. could cause an incremsnt of ram—recovery ratio
of about 0.02. However, in the present investigation, the boumdary—layer
parameter h/d. remained almost constant above 0.92 Mach mumber, whils the
most significant changss in ram—recovery ratio occurred above this Mach
number. It appears, then, that In analyzing the variation of ram—recovery
ratio wlth Mach number for Mach numbers gbove 0.92 1t 1s permlissible to
conslder the bump boundary layer essentially comstant, thereby allowing
further scrutiny of the effects of Mach mumber.

The results In figure 9, In addition to providing evidence on the
offect of the changes in the boundary layer, also serve to correlate the
ram—recovery results of reference 2 with those of the present investiga—
tion. DPerhaps more Ilmportant, however, the resulis In figure 9 show how
largs an effect the emergy deficlency In the oncoming boundary layer
exerted on the ram—xrecovery characterlistics of the inlet.

It has been shown that the effects of changss In the mass—flow ratio
and in the bump boundary layer &bove (.92 Mach number were too small to
mask the consistent reductlons in ram—recovery ratic which occurred at
Mach numbers near 1.0 and the slight improvement above 1.1 Mach number.
Information on the changes in the flow into the Inlet which accompanied
ths changss in the Mach number 1s Introduced in the followlng sections,
which present the distributions of the losses in the inlet, photographs
of tufts on the model, and pressure distributlions.

Digtribution of ram—recovery losses inglds the Inlet.— Tn order to
show the distributlon of the rem—recovery loeses within the iInlet, con—
tours of the computed local ram—recovery and maess—flow ratios are pre—
sented in figures 10, 11, and 12. The results are arranged to show pri—
marlly the effects of Mach number, the mass—flow ratios for each set of
three Mach numbers being chosen as nearly equal as possible from the
avallable data.

The results shown In flgure 10, ths Integrated values of whick
appeared in figure 6, cover three mass—flow conditions for 0° angle of
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attack. As would be expected, the regions of hlgh ram recovery corre—
sponded to those of high mags flow. In general, ths losses were con—
centrated in those areas adjacent to the ramp and In ths cormers where
boundary layers were to be expected. The asymmetry of flow and of losses
which were more evident at the lowest mass flow (fig. 10(g)) was probably
ceused by small differences between the boundary layers in the upper and
lower portions of the inlet rather than by & changs in the flow directlom
over the inlet, inasmuch as the latter would have had a simllar effect om
the results at the hilgher mass flows and, further, tuft studles indicated
no change in flow directliom over the bump.

The ram—recovery and mass—flow contours for angles of attack of L°
and 8 ° are shown in figures 11 and 12. As might be expected, there was
a concentration of the losses in the lower portion of the Inlet because
of the differences in the direction and splllages of ailr snd In the bound—
ary layers along the two dlverging remp walls., Differences In the bound—
ary layers would be expected in light of the differences in the preassure
distributions presented In figure 13, which were mesasured during the
investigation reported in reference 2. These results show large differences
between the local pressures along the two: walls when the inlel was opera—

ting at other than zero angle of attack.

Cause of the losges.— In reference 3, 1t was surmised from ram—
recovery dlstrlbutions for & similar Inlet that the flow of air over the

sharp edges of the ramp walls and Into the Inlst lmparted a rotatlonal
velocity component to the alr. It was reasoned thet this rotatiomal
veloclty Increased with mass—flow ratio emd with the divergence of the
ramp walls relative to the direction of the air stream and resulted in
the formation of ome or more vortices, the centers of which produced
reglons of low local ram recovery not Immedlately adjacent to the walls.
In the present Investigation, similer regions of ram—recovery losses were
measured, such as those shown in figures 11(a) and 12(a). In order to
provide more. Informetion on the nature of the ram-recovery losses, the
contours of figure ll{a) are compared with the measured total and static
pressures acroas the Inlet in figure 1k. In light of the results shown
in figure 9 and the large variations in total pressure across the inlet,
it sppears logical to attribute the regions of ram—recovery loss and low
total pressure to the deficlency of emergy in the alr which came from the
bump boundary layer and left the surface In passing over the sharp edges
of the ramp wall before reaching the inlst, Only relatively small var—
igtlons of statlic pressure across the inlet and no marked reductioms Iin
local smtatic pressure sguch as might be expected at the core of a vortex
were measured in the present Investigation, so 1t 1s possible that the
rotational veloclty components remained as more or less random vorticlty
or turbulence. It 1s also possible that, &t the mass—low ratios covered
In the present Investigatlon, the cores of the vortices passed outalde
the inlet. The latter would explain condensation tralls which were
observed in the wind tummel during the course of the tests. With higher
mass—flow ratios than were obtained In the present investigation, it is

ST
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possible that the rotatlonal velocity components could wrap up into
vortices which would enter the inlet. On the basis of the present Inves-—
tlgation, however, 1t 1s felt that the losses in ram recovery were, in the
most part, caused by the entry of alr from the bump boundary layer.

The divergent ramp of the NACA submergsd inlet appears to offer two
advantages with respect to the boundary layer in which it 1s placed. TFlrst,
the oncoming boundary layer that flows directly on to the ramp does not
thicken, as it approaches the Inlet, In correspondence with the adverse
pressure gradient 1t encounters because the diverging walls provide relief
In a third dimenseion; and, second, the boundary layer that flows from the

outside surface on to the ramp by passing over the ed.ges of ths ramp
e T F e QomrraTorad Lo o 220f eedom - -l--"..— et dla Ta X ol o -\- -u—--— o TOY- N - -
wWald 10 JRVOULVYVOW UL a4 .UJ-J..LJJ..I.B LLULL Wi Ll J..I..Lﬁu.U.L Ly G.-L.L aliu oy ﬂ .I-U :i

prone to separate.

Pressure Distributlions and Tuft Studiss

In the preceding discusslon, the ram-recovery losses were attributed
principally to the entrance of low-snergy air from the bump boundary layer.
The bump boumdary—layer parameters varled comparatively littles above 0.92
Mach number; however, the ram—recovery ratios varled In the Mach number
renge from 0.92 to 1.15. Tuft studles, some photographs of which are pre—
gented in figure 15, indicated that no signlficant separation oceurred on
the ramp. It appears loglecal, then, to attrlbubte the varlations in ram—
recovery ratlo with Mach number primarily to changss in the amounts of
lowv-energy air which entered the iInlet from the surrowmding bump boundary
layer. The controlling factor which determined the amount of bump boundary-—
layer air which entered the 1nlet was ths local pressure gradient between
the ramp and the surrounding bump surface. Pressure distrlbutlons slong
the ramp, .some of which appear in figures 16 and 17, iIndicate that the
preasure differences were generally greatest and extended over longer
portions of the ramp at the Mach numbers corresponding to those at which
the minimum rem—recovery ratios were measured. (See figs. T and 8.)

The effect of variation 1n mass—low ratio on the pressure distribu—
tions along the center line of the remp and around the 1llp is &lso shown
in figure 16 for an angle of attack of O° at Mach numbers of approximately
0.75, 1.02, and 1.1k, Reduction of mass flow at the higher Mach numbers
bhad the expected effects of increasing the pressures on the ramp and
Increasing the angle of attack at which the lip operated. Figure 17 pre—
gents additional pressure distributions along the ramp for angles of attack
of 0% 4°, and 8° and around the lip for 0% and 4¥°. Vearying the angle of
attack with a constant mass flow had a noticeabls effect oo the pressures
around the 1lip, but had 1little effect on the pressures along the center
line of the ramp. It should be repeated, however, that varlation of
engle of atbtack produced large changes in the pressures along the ramp
walls as shown In figure 13.

Ser—
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Since the pressure distributions and tuft studles Indlcated that the
entrance of alr from the oncoming boundary layer occurred principally over
the forward part of the remp walls where the local pressures were less
than those of the surroumding alr stream, it appears that, if boundary—
layer control were to be employed, the surrowmding surface Just outside
and forward of the ramp should be consldered In addition to the surface
of the ramp itself. The tufts shown in figures 15(a) and 15(b) Indicate
that the boundary layer along the after part of the ramp walls passed
outside of the lip in the direction of the local pressure gradient.

CONCLUSIORS®

The following

o) " f

o Wil 2 wQL W 0

NACA submerged Inlet on a transonic bump for a test Mach number range from
0.70 to 1.15: - SRR : . idathlige

1., For mass—flow ratlios between O.40 and 0.67, the ram~—recovery ratio
decreased about 0.05 in the Mach number range from 0.85 tc roughly 1.1.
Generally there was a smsll improvement In the ram—xrecovery ratio at Mach
numbers above 1.0 or 1l.l1.

2. For comparable massg~flow ratios, the ram—recovery ratic decreased
about 0,05 when the emgle of attack was Increased fram 0° to 4°, but
improved about 0.02 when the angle of attack was Increased from l|-° to 8°,

3. Increasing the mass-flow ratio resulted in higher ram-recovery
ratios but, in general, the Ilmprovement became progressively less at the
higher mass flows and Mach numbers Investigated.

4., .Ram-~recovery ratlos higher than those obtained in the present
investigation appear possible on Installations with relatively thinmer

boundary layers.

Ames Aeronautical ILaboratory,
Natlonal Advisory Committee for Aeronautics,
Moffett Fileld, Calif.
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Flgure 2. Model of NACA submerged Inlet,
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(a) Upstrean view. (b) Downstream view.

Figare 3.~ Model of FACA submerged inlet mowmted on the transonic bump in the Ames 16-foot
high—speed wind turmel,

LT







Bump chord , percent

20 40 45 50 55
| mor —~_| |\
/
16 << N
. 12 I e N M — \
-Eﬁ ull \
= N
3 g 1 .73 . N \
] ) . \
T _ N N
‘ L —174] TN NN
——
/ /__‘..---""""——-—-J;75 —-.__\\ \\ \\\
777
76 80 84 88 92 96 100 104 08 112 HE 120
Bump station, in.

(a) M,, 0.75

Figure 4~ Mach number distribution perpendicular to the surface of the Iransonic

bump.

£TO0GY W VOVN

61




3

RACA RM AS0CL3

L9
ﬁ-\\\,\\.\.\\\\\.‘\ ‘M
O T M N e
\‘\\\\\\\\\\\
AV AN AV PP aN\ D
x\\ \\\\\\\M\\
M\\ \\\\\\ m
[y /Ly
1S \ \\ \aa m .
: 3 %
3 IIINEREEE
Se e N, 5 F
o R ANA :3 3
Q ///%// 28 N
\ NEIAVR R ¥
/ -.w./.r/// ©
SREIVE WINNAVRENE
sbENAR RN
\ N NN N
EAVENAVAVRE\
\S XN NRARN N
mvENE AN
Y © N ® +

Ut “ybIsH
G ki



Bump chord, percent

ETDOGY W VOVM

40 45 50 55
weoo || 1 N1 1/ 11/ AR NI
. || o2 ARN AR \
[ L] fwe | f / |4 NEVE
e L 7 AVAVAY
g / / / 108 | L \ \
3, / { /| w0 | YA
t / / / // / ,fj”" T~ \\ \
AVEVPA%0 2NV ERZEDZARA VY
e : - \

76 80 84 88 92 96 100 104 08 I8 e 120

Bump station, in.
(c) M,, 1.12.

Filgure 4.- Concluded.

TS




22

RS NACA RM A50C13 )
2"Clearance B
-------- 5" clearance
i_s- o
I« ]
Se & e S
D 2 = T
< e S R =P~
LR -
<
£ .
(a) Boundary-layer thickness.
E £ 10 . e
~ e e —
QE,*% N\.:~—‘
%) —
§ ® .08
<
23
SS  os . o =
(b) Displacement thickness.
£ .08
E -
3 ?} T T T
s © 06 e
E <
QS x
I 9
s .04
(c) Momenilum thickness.
“ '/6‘ h R
‘;’sh .
TN e S
g 3 14 \53\\
E E \\_5\ — ] —
g E ~—_"————--——>_\
o g A2

68 76 84 92 too (o8 LI6
Mach number, M,

(d) Boundary-layer parameter ah- ~NEAS =

Figure 5.- Variation with Mach number of the bump boundary- Sl e
layer characteristics measured ot 34-percent chord for
two clearances between the bump and wind -tunnel wall.



NACA RM A50C13 L 23

.86
.)\
&2 [ :
(0§
R \e-\c-:\ —
78 . - ne S —— -
N by ¢ -1.00= / Ny :
t ta ’ 50—_// - };
74 —
.25——\\ /ﬁl”—_ —
E __A_A&_//An/
70 yoan
- .66
(a) Ram-recovery ratio.
.60 = '
Y 0
2 ; — &
.50 747"’-00‘_/
S0—+—|
a4 .25———\\
S840 (B—qF—r— ¢ “:E—'—‘E 10 5 L=
N
2 ﬁT = T-— —
.20

70 75 .80 85 .90 .95 Lo0 (OS5 1o L15

Mach number, M, W

(b) Mass-flow ralio.

Figure 6.- Variation of ram-recovery ratio and mass-flow ratio with Mach
number for three diffuser-inlet area ratios. a, O°



86
m,
v
0.55
84 —]
50 =
. ——] ]
Ppl'qa 45 T \\‘E\\
B0 ~ r
g .40 ] ™~ .
16 P \\i—_
- 78 ~ ™~ T~ A
o Y \\_//
$ 35 o \\ raain
'T . \\""'*'/1/
S /
t P eusil -ﬁ._.-""--_ P
74 < -
.30 Ny
72 —
70 .80 80 Log 110

Mach number, M,

120

Figure 7.- Variation of ram-recovery raltio with Mach number for several mass-flow ratios. a, 0°

L[]

£TD0SY W VOVN




NACA RM A50C13 SRR 25

86
—o—1 o 5\41 g a, g:
A 0

82 0! | -

g‘?i’l?‘“ \\&—B—"B\ETA""Q\\ \0\ 2
s = A
e \\E \ _,A—)>;%

. 1
D
4

(a}] Ram-recovery ratio.

7o
oy l o a0
o — °
.60 S—I0—
D—"1 - 104 \<F O - - 0
.50
.70 .75 .80 85 G0 85 oo (05 110 LI5S
Mach number, M,

(b) Mass-flow ratio.

Figure 8.- Variation of ram-recovery ratio and mass-Fflow ratio with Mach
number for angles of altack of 0O° 4°, and 8°.



26

SRSkl NACA RM A50C13

/.00

M, .
° Mo

R Qe o 080 058

Ty .96

T |s .85 .59

2.. 92 % B .75 .585

S . X

N \q\

>\ .

,i: .

3 .88 A

Q

3 £

© Reference A

'E N

Q) 84 X

x Zl-’igurre 6

.80 ! E«
o 05 JO A5 - 20

Boundary - layer parameter 5—

Flgure 9 .- Varilation of ram-recovery ratio with
boundary- layer parameter & . a, O°

4



FACA RM A50C13 SRR 27

Ram-recovery ratio
_— >

/

Mass-flow raftio

~] ~

Lip side

Ramp side

. J
\/ M

(a] R, 070 (c) M, 1.15;
T8 - X ' i

» 0.84; A ; 8, 0.r;
g g * 0:80; g’ 08l

m,

s 0.57. s 0.54. | =, 0.56.

Figure 10.- Ram-recovery and mass-flow contours in the entrance

of the submerged inlet, a,0°
SRR



28 . RN NACA RM A50C13

Ram-recovery ralio

@

)
X
5 S
§ Mass-flow ratio ;
3 I\ ~
.55\ \
| \4q
0.45‘
5 ) Sl
\jj !
. L0 IO,
(d) M,, 0.72; (e) M,, 1.0/; (r) M, [14;
Hog Hp g
s U.&6/, 2 , 0. ; s L5
Ho_"é 0.8/ ﬁ:_—g 0.79 Ho‘e » 077
m,
A s 0.40 7 2 0.4/, e » 0.40.
Figure 10.- Continued. 372

OO



NACA RM A50C13

Ramp side

L e

Ram-recovery ratic

(h) M, 1.02;
If‘_
;) 0.73;

[

ok
oo

1, 029.

§

Figure [0.- Concluded.
L

Lip side

ﬁo_—;- r 0.76;

7, ’ 0.30.

29



30

Ramp side

(a) M, 0.7/;

h;—,g .
H, g 9

(-4

m
v, A 0.66.

SRR NACA RM A50C13

Ram-recovery ratio

/

[

——
m(g
N A

3

E,j

3
w
Mass-flow ratio Q
~
1IN
N
"/5} M, 0.89, {/j} Mo, 1.05;
8, 0.80; 8 :
7 » 0.80; 7B » 0.75,
m, m,
'IT; r 0.63. y 0.56.

Figure [l.- Ram-recovery and mass-flow contours in the en-

france of the submerged inlet. a, 4°.

GRS



NACA RM A50C13 e

Ram-recovery ratio

i
= Z
-

i<
NN

.50
60
5
s X
Q S
- g8
S v 2
x .70 ~
\. N
()
/
] a/
\ AV
. \.sa u -
i.\50 (\Ja / :
.405 60 , | R .f | .20 .IE
(a) M, 0.73; . b) M, LO/; (c) M, 1.13;
HB s g . H .
H;,g .83, %_o 1 O.77; Ha-,g + 0.79;
- L 1 0.65. s 0.59. s 0.56.

Figure 12.- Ram-recovery and mass-flow confours in the entrance
' of the submerged inlet. a, 8°

|



-8
e Lip LE
s -4
S ,.,g .
E 9
)
S 0
b
.
a I
v 4
N
Q

8 .

10 20 30 40

(a} ﬁ"amk.

LipL.E

10 20 30 | 40
Fuselage station, jp.

(b) Upper »'allil

Lip LE

10

20 30 40

G

{c) Lower wall

O B b e

09
00
40

-40

0.55
.90
.55

.90

Figure I3.- Pressure distribution along ramp and diverging }amp walls  from investigation reported in

reference 2. M, 0.80.

AN

ETOOSY W VOVN




Y

NACA RM A50C13 SRlERRE——

Ram-recovery ratio

S
/
28
_9/
3 N0
«
% Mass-Fflow ratio
S ~ \
< 7o
‘ N
()
507
N\
40
EGO v
5567
(a) M, 0.73; (6] M, 1.0/;
i . Hrg _
-h'o"'Po > 0.83; hlo_o : O.77;

Figure 12.- Ram-recovery and mass-Fflow confours in the enfrance
of the submerged inlet. «, 8°

GNRSRRNELLT. .

Lip side

31



Lip L.E LipL.E,

-8
Q
_‘:.
5
:'5:;

3
2 0
®
3
w 4
&

.8

10

20 30 40 10 20 30 40
Fuselage station, in.

(a) Ram;a. (b) Upper wall

LipL.E.

0

S o p o

20 30 40

{c) Lower wall,

00
00
40

-4°

0.55
.90

.55
.80

Figure 13.- FPressure distribution along ramp and diverging ramp walls from investigation reported in

reference 2. M,, 0.80.

39

_ ETO0SGY WY VOVN




FACA RM AS0CI13

Distance across duct, in.

Figure /4 .- Comparison of local pressures and ram -
M, 07/ e 4°;

.

Total pr;ssuré

....... Static pressure

Z

]

\&m_‘gﬁﬁ/

/
7.
=S

)
/

Local pressure , in. Hg.

R%P

V7!

_HT v
KEN \
i

26 28

30

recovery ratios within the inlet.

Ramp side

I—g —t 066
2 ,0.79; » Y .
2 ¥ s
,,'Oe °

33






NACA RM AS0C13

Figure 15.~ Tufts on the submerged-inlet model at several:
Mach numbers. o, 0°.

TN DN

35



wt

-



NACA RM A50C13

(e) 140’ 1'15; —_- 0-570

Figure 15.— Concluded,

37






Pressure coefficient, P

1.0
1.2
1.4

Hr"e i
Yo g e f\
0 0.74 0.85 0.58 -
a .75 .80 .39 ‘ / :
A .76 .70 .25 _ﬁ&
5 KO]
ﬁ IPG Outer
Ng 1
)
innsr
Lip
leading
edge '::EESE%?
4 &8 2 /6 20 24 o .5 (0I5
Ramp statien , in. Lip station, In,
fa) Ramp pressurs distribution, (6) Lip pressure
distribution.

Figura 16.- Ramp and lip pressure distributions for several mass- flow ralios

and Mach numbers; a, O°

£TO0GY W VOVH

6¢&




Pressurse coefficient , P

10
1.2
1.4

Hrp m,
Yo mp
@ .02 0.80 0.54
Lol .79 .4/ '
ALO2 .73 .29 Outer
affc
Y
ad
| e}
A '\D.
; lnner |
— -
Lip . :
leading )
edge | || ol
8 /2 6 20 24 0 5 1015

Ramp station, in. Lip stafion, in.

(c) Ramp pressure distribution. (d) Lip pressure

distribution.

Figure 16.- Continued.

CTOOSY W vOVN




Pressure cosfficient , P
N

1.0
/.2
1.4

H-p m
o
Mo a_e Mo
o L15 0.8 056
a /.14 .77 40
A L4 76 .30
O,
Aeﬁ - ‘Q '
\Q“\) '/ ' !
~<8al\|
I'QE
Lip
leading
edge
4 8 12 /6 20 24

Ramp stafion , in.

(e) Ramp pressure distribution.

Flgure 16.- Concluded .

inner

A

] ]

0 .5 105
Lip station, in,

(f) Lip pressure
distribution.

STO0GV ¥ YOVH

Iy




He m
-8 M, Ho-e Mo a
6 © 0.74 0.850.58 0° Outer
' a .75 .82 .67 4°
4 : A .73 .83 65 8&° Aﬂﬁ
L | 1N
- -2
L~ D :
S | [f\
3 2 ' \o¥c
Q D
p 4 «=N . 'uﬁﬁ
3 g% %
Q ° N Inner
* 8
1.0 - : -
Lip 5
1.2 leading !
' 4 edge 'ﬁ@? !
0 4 8 /2 6 20 24 0 5 10 /5
Ramp station, in. Lip station, in.
(a) Ramp pressure distribution. () Lip pressure
distribution.

Figure |7.- Ramp and lip pressure distributions for three angles of oftack
of various Mach numbers.

ETDOSY W VOVM




Pressure coefficient, P

1.0
/.2
/4

02 0.80 0.549 0°

o/
/.05 .75 .56 4°
| ALO4 77 .57 §°

N
\B\ |
S|
At
f
Lip
leading
edge

4

& /2 /6 20
Ramp station , in.
(c) Ramp pressure distribution.

Figure [7.- Continued,

24

Outer o’f

ot
.

Inner

NACA

I I
o .5 1015
Lip station, /n,

(d) Lip pressure
distribution.

ETOCGY K VOVH

£




0% = OU-5-9 - La1Zue-vOVN

Prassure coefficient, P

~ . ... i
QO o o A h O N

~ o~
H N

He m
M ] (4 .
° np m 2

0/./5 0.8/ 056 0°
|RLE .72 .56 8°

,-g.:‘_QLFQ“:a:E\

Lip

leading
edge

&8 12 6 - 20 24

Romp Sfﬂﬁdﬂ, n. W

(e} Ramp pressure . distribution.

Figure 17.- Concluded,

ETO0GY MWI VOVH




